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PROCESS FOR MANUFACTURING TEREPHTHALIC ACID 

BACKGROUND OF THE INVENTION 
Field of the Invention 

5 This invention relates to a process for manufacturing terephthalic add 

and more particularly, to a process for manufacturing and recovering the 
highly purified terephthalic acid, in accordance with the practice of this 
invention comprising the following procedures: alkali weight-reduction waste 
water discharged from weight-reduction process in a polyester textile dyeing 

10 complex is dissolved in water, adsorbed to remove impurities, and through 
acid-neutralization, terephthalic add of this invention may be obtained. 

"Alkali weight-reduction waste water" is a remairung reactant 
discharged in a weight reduction-processing stage which is designed to give 
the polyester textile a silky property, as well as to improve the dyeing 

15 capability by treating the polyester textile with alkali metal/earth metal 
hydroxide, and thereby causing a part of the textile to become 
depolymerization. Said alkali waste water contair« a large amount of 

alkali metal/earth metal hydroxide, terephthalic acid alkali metal/earth metal 
salt and ethylene glycol. In the past, a considerable amount of alkali 

20 weight-reduction waste water, generated from the large industrial complex 
crowded with dyeing plants, has been discharged by a conventional waste 
water treatment. Besides that, the sludges neutralized with such strong 
add as hydrochloric acid or sulfuric acid have been used for landfills or 
sea-abandonments, while the remaining reactants have been discharged by a 

25 conventional waste water treatment. Therefore, the alkali weight-reduction 
waste water generated from the polyester weight-reduction process has 
caused severe environmental problems and such treatment conventionally 
requires a large amount of investment for anti-pollution facilities. Recently, 
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various methods have been proposed for the recovery of terephthalic acid 
from the polyester weight-reduction waste water, since said recovery may be 
useful not only in reusing the resources, but also in abating the enviromental 
problems. 

5 The conventional processes of manufacturing and recovering 

terephthalic acid are as follows, using polyester weight-reduction waste water: 
In Japanese Patent Unexamined Publication No- 50-104,276, 
terephthahc acid alkali salt was neutralized with sulfuric acid to give 
terephthalic acid. 

10 In Japanese Patent Unexamined Publication No. 60-19,784, ultra- 

filtration was introduced to remove impurities and then, terephthalic acid 
was obtained through neutralization with sulfuric acid. 

In Japanese Patent Unexamined Publication No- 60-163,843, alkali 
waste water was centrifuged and neutralized with sulfuric acid to give 
15 terephthalic acid. 

In Japanese Patent Unexamined Publication No. 60-216,884, alkali waste 
water was passed through ion-exchange membrane to give terephthalic acid. 

In Japanese Patent Unexamined Publication No. 60-233,033, alkali 
waste water was neutralized at 120*'C and 1.7 atm to give terephthalic acid. 
20 In Japanese Patent Unexamined Publication No. 61-43,139, alkali waste 

water with low concentration was adjusted to pH 5 to 6 and pH 4 two times to 
deix>sit terephthalic acid and then, centrifuged to recover terephthalic acid. 

In Japanese Patent Unexamined Publication No. 61-43,140, hydrochloric 
acid was added to alkali waste water until the pH of the solution became 5.4 
25 and treated with activated charcoal. Then, the solution was again added 
with hydrochloric acid until the pH of the solution became 2, and terephthalic 
acid was obtained. 

In German Patent No. 2,508,819, alkali waste water was treated with 
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sulfuric acid at 60 to 94°C to give terephthalic acid. 

In U.S. Pat No. 5,210,292, alkali waste water was adjusted to pH 6 to 
9, cooled to remove sodium sulfate and then, this material was again adjusted 
with sulf urric acid to pH 2 to 4 to give terephthalic acid. 

5 These reported methods as aforementioned have also several problems 

as follows; a) a majority of their reactions was conducted imder the severe 
conditions, b) excess water designed to enhance the purity of terephthalic acid, 
produced a considerable amount of waste water, which is economically 
unfeasible, c) terephthahc acid was not easily separated, through the method 

10 of modulating pH, from sodium salt generated from the neutralization 
reaction of alkali waste water, and d) said reported methods, which failed to 
illustrate some methods of removing impurities and purity-monitoring 
methods. Especially, these rep)orted methods tailed to remove sodium salt, 
by-product of acid neutralization, and it may be responsible for producing 

15 another enviormental pollutants. In addition, in a process of filtering 
terephthalic acid as a final recovery step, the particle size of terephthalic add 
should be sufficiently enlarged because small particles of terephthalic acid 
cause insufficient separation into solids and liquids which is respoi^sible for 
reduction of recovery rate, and also make it difficult to perform the drying 

20 process. 

Thus, the terephthalic acid obtained by the reported methods was not 
sufficient for reuse owing to reduction in recovery rate and purity and further, 
the purity of terephthalic acid in said reported methods was analyzed by 
general method instead of the method to analyze the quality of terephthalic 
25 acid. In this context, said reported methods are technically and economically 
unfavorable for commercialization. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The drawing is a schematic diagram showing the process of 
manufacturing terephthalic acid in accordance with this invention. 

5 SUMMARY OF THE INVENTION 

Therefore, the object of present invention is to provide a novel process 
for manufacturing terephthaUc add in accordance with the practice of this 
invention, specifically designed to obtain the following advantages: a) 
terephthalic acid of high purity can be obtained from alkali weight-reduction 
10 waste water, and b) sodium salt formed as a by-product in the process is 
separated and recovered as acid and alkali, thus reducing the production costs 
and abating the evironmental problems. 

DETAILED DESCRIPTION OF THIS INVENTION 
1 5 The present invention may l>e described in more detail as shown below. 

The present invention is characterized by a process for manufacturing 
terephthalic acid from alkali weight-reduction waste water comprising the 
following steps: 

(a) a process in which an aqueous solution of alkali weight-reduction 
20 waste water dissolved in water is adsorbed ; 

(b) a process in which an aqueous solution is neutralized with add to 
give terephthalic acid; 

(c) a crystallization process to enlarge the particle of terephthalic add; 

(d) a process in which the enlarged particle of terephthalic acid is 
25 cooled under reduced pressure, filtered and dried. 

The present invention also relates to several kinds of successively 
installed tanks for manufacturing terephthalic acid, which is charaterized by 
the following systems: dissolving system (1) where akali weigh-reduction 
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waste water is dissolved in water; centrifuge (3); adsorption tower (2); 
neutralization system (3) where terephthalic acid alkali metal/earth metal salt 
is neutralized with add to prepare terephthalic acid; crystallization system (4) 
where the particle of terephthalic acid is enlarged; cooling system (5); filtering 

5 system (6) where the enlarged particle of terephthalic acid is filtered; drying 
system (7) where filtered terephthalic acid is dried. 

The present invention is described in more detail as set forth hereunder. 
This invention relates to a process for manufacturing and recovering 
terephthalic acid from a considerable amount of alkai weight-reduction waste 

1 0 water after the alkali weight-reduction process for polyester textile. In 
accordance with the practice of this invention, the highly purified terephthalic 
add can be obtained in an easier manner. In addition, since the solvents 
and raw materials discharged in the reaction may be fed back, one can expect 
the reduction of production costs as well as to abate the environmental 

15 problems. 

The process of manufacturing terephthalic acid according to this 
invention is referred in more detail to the drawings as foUows: 

Alkali weight-reduction waste water is charged into reaction tank (1) 
together with water, then stirred by agitator (la, 60 to 300 rpm) and adsorbed 
20 in adsorption tower (2) to remove the impurities. 

The alkali weight-reduction waste water used in this invention refers to 
alkali waste material generated from the polyester textile weight-reduction 
process. The composition of alkali weight-reduction waste water may 
differ based upon the weight-reduction ratio and washing rate, or upon the 
25 type of weight-reduction process (e.g., batch operation and continuous 
operation). In general, alkali weight-reduction waste water (specific 

gravity: 1.05 to 1.35, pH: 11 to 14) discharged from the polyester textile weight- 
reduction process contains sodium hydroxide of 1 to 25%, disodium 
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terephthalate of 1 to 20%, ethylene glycol, additives used in the manufacture of 
polyester textile, excess water and other impurities. In addition, now that 
the solubility of disodium terephthalate contained in alkali weight-reduction 
waste material to water is about 13 weight% at room temp>erature/ it may exist 
5 in the form of slurry. Therefore, the amount of water to freely dissolve 
disodium terephtalate may be changed in accordance with the contents of 
alkali weight-reduction waste water, but about 0.5 to 2.0 times of water in 
weight is preferably added in proportion to alkali weight-reduction waste 
water. Further, in order to enhance the solubility of disodium terephthalate, 
1 0 the dissolving tank should be kept constant at atmospheric pressure and 25 to 
Sff'C. 

An aqueous solution containing disodium terephthalate, which is freely 
dissolved in dissolving tank (1), is delivered to adsorption tower (2), where 
some impurities (e.g., metal, metal compound, organic compound, dirt, etc.) 

1 5 are removed. The purity of terephthalic add, a final product, is determined 
based upon the removal efficiency in adsorption tower (2). 

According to this invention, activated carbon as a filling material of 
adsorption tower (4), which is stable in alkali solution, is selected for use and 
in consideration of its adsorption rate, the surface area of activated carbon f>er 

20 unit volume is preferably 500 to l,500m^/g. Since the operation 

temperature of adsorption tower (2) is determined by that of dissolving tank 
(1), another heating or cooling system is unnecessary but the scope of 
operation pressure maintained at 0.01 to 1.0 kg/cm^ is advantageous for 
further enhancement of adsorption rate. The residence time in adsorption 

25 tower (2) is preferably 1 to 60 mins and such residence time may be somewhat 
adjusted in accordance with the operation pressure. In addition, as a 

method of enhancing the adsorption efficiency, an aqueous solution, passed 
through dissolving tank (1), is pre-filtered by an apparatus to separate solids 
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and liquids, prior to delivery of adsorption tower (2). If this is the case, the 
efficiency of removing impurities in adsorption tower (2) may be further 
enhanced. 

An aqueous solution of disodium terephthalate, passed through 
5 adsorption tower (2), is transferred to neutralization tank (3) for neutralization 
with acid. While agitating by agitator (3a) in neutralization tank (5), said 
solution was mixed slowly with such strong acids as hydrochloric acid, 
sulfuric acid, nitric acid, phosphoric add. Then, disodium terephthaUte 
is neutralized to prepare terephthalic acid and sodium salt individually. 
1 0 During the neutralization reaction, two equivalence points are formed; the 1st 
equivalence point is detected when the pH of said solution is between 9.0 
and 6.0, where sodium hydroxide is neutralized with acid to prepare sodium 
salt, and the 2nd equivalence point is detected when the pH of said solution is 
between 4.0 and 2.0, where disodium terephthalate is neuturalized with acid 
15 to prepare terephthalic acid. During said neutralization reaction, therefore, 
acid should be incessantly provided untU the pH of said solution is 4.0 to 2.0. 

After said neutralization reaction, the obtained sodium salt is freely 
soluble in water due to its larger solubility to water, while terephthaUc acid in 
soUd state is crystallized. Since the particle size of crystallized terephthalic 
20 acid is so small, terephthaUc acid may not be efficiently separated by a method 
of separating solids and liquids (e.g., centrif ugation or filtration). 

Even if separated, its recovery rate is qiiite low and thus, the 
commercial application is not economically feasible. According to this 
invention, therefore, the slurry of terephthalic acid, so obtaii\ed from said 
25 neutralization process, is charged into crystallization tank (4) to sufficientiy 
enlarge the particle size of terephtiialic acid. One to five crystallization 
tai^ks (6) in series is /are connected and each crystallization tank (4) is operated 
in such a fabrication that temperature may be lowered stepwise. With 



wo 97/24311 PCT/KR95/00I86 

8 

said structure, the particle size may be enlarged stepwise, thus making it 
possible to decrease the contents of small particles. Crystallization 
temperature drop should be preferably 30 to All the crystallization 

tanks (6) should be op>eratable with in the following specification: temperature 
5 in 120 to 300*^2, pressure in 2 to 86 kg/cm^ and agitation rate at 60 to 300 rpm. 
The total residence time required to completely pass through crystallization 
tank (6) is preferably 30 to 180 mins. In addition, since the process of 
terephthalic acid crystallization is conducted at high temperature and 
pressure, excess acid may cause corrosion of crystallization tank (4). In this 

10 connection, any acid contained in the slurry of terephthalic acid, passed 
through said neutralization process, should be lower than 10 weight%. 
Strong corrosion-resistant material should be selected such as stainless steel 
type 316 or titanum for crystallization tank. 

The sufficiently enlarged terephthalic acid in said crystallization tank 

1 5 (4) is charged into the next cooling tank (5) and cooled at reaction pressure of 
0.1 to 1-Okg/cm^ and temperature of 60 to 9(fC under reduced pressure. 
Hence, the evaporated water is condensed and fed back to dissolving tank (1). 

The slurry of cooled terephthalic acid is delivered to filter (6) to 
separate solids and liquids. The operation temperature of filter (6) depends 

20 on the slurry temperature of terephthalic acid and the temperature is 
preferably maintained at 60 to 80°C. The pressure is preferably 0.1 to 

0.8kg/ cm^ 

Based upon said method of separating solids and liquids, terephthalic 
acid is separated as wet cake, and sodium salt is separated in liquid state 
25 together with water. The filtered terephthalic acid is washed with water 
and in consideration of washing efficiency, 0.5 to 1.2 times of water to 
terephthalic acid (30 to 80**C) in proportion to terephthalic acid is preferably 
used. 
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The filtered terephthalic acid is charged into dryer (9) and dried at 
pressure of 0.5 to 1.0 kg/cm^ and temperature of 100 to 150°C for 10 to 120 
mins, to give terephthalic add, a final product of this invention. 

As described in the above, this invention is intended to provide a 
5 process for reusing the feed-back reacting raw materials including solvents 
discharged from each manufacturing step, thus making it possible to reduce 
product costs and also to abate environmental problems caused by waste 
scrap materials. Futher, terephthalic acid, so separated and recovered 
from said manufacturing process, may be obtained with a high yield of 98% 
10 or better. 

This invention is explained in more detail by the following examples, 
but the claims are not limited to these examples. 
EXAMPLE 1. 

lOOg of alkali weight-reduction waste water (pH: 11.4), collected from 
15 polyester textile process to reduce 11.0% in a continuous operation, was 
charged into dissolving tank (1), added with 50g of water and stirred by 
agitator (la, 60 rpm) at atmospheric pressure and room temperature for 15 
mins. 

An aqueous solution of disodium terephthalate, passed through 
20 dissolving tank (1), was transferred to adsorption tower (2) and adsorbed at 
pressure of 1kg/ cm^ and temperature of 25°C for 60 mins. The adsorption 
tower (4) was filled with activated charcoal of surface area of 500 m'/ g. 

An aqueous solution of disodium terephthalate, passed through 
adsorption tower (2), was transferred to neutralization tank (3). Then, the 
25 solution was stirred by agitator (3a) in neutralization tank and added slowly 
with hydrochloric acid and incessantly until the pH of reaction solution was 
4.0. As a result of monitoring by SEM the particle of terephthalic acid 
formed from said neutralization process, its particle size (5 to 15 im) was very 
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small. 

Said neutralization solution was charged into crystallization tank (4) to 
enlarge the particle size of terephthalic add. The crystallization tank is of 
stainless steel type 316 and has the following reaction requirements: 
5 temperature in ISO^C, pressure in 5kg/cm^ and agitation rale at 60 rpm. The 
residence time was 30 mins. 

The sufficiently enlarged slurry of terephthalic acid in said 
crystallization tank (4) was charged into the next cooling tank (5) and cooled 
under reduced pressure, at pressure of O.lkg/cm^ and temperature of 60*XZ. 

10 Hence, the evaporated methanol and water were condensed and fed back to 
reaction tank (1). The slurry of cooled terephthalic add was delivered to 
filter (6) to individually separate solids and liquids^ at pressure of 0-8kg/cm^ 
and temperature of 60^C. Then, terephthalic acid in wet cake was recovered. 
The filtered terephthalic add was charged into dryer (7) and dried at reaction 

15 pressure of 0.5kg/ cm^ and temperature of 120**C for 60 mins to give 2.05g of 
terephthalic acid. 
EXAMPLE 2, 

In accordance with the same process as did in said EXAMPLE 1, 
terephthalic acid was manufactured and recovered but 97% sulfuric acid in 
20 neutralization tank (3) was constantly added until the pH of reaction solution 
became 2.0. 
EXAMPLE 3, 

lOOg of alkali weight-reduction waste water (pH: 133), collected from 
polyester textile process to reduce 20% in a batch operation and precipitated 
25 with disodium terephthalate, was charged into dissolving tank (1), added 
with 200g of water and stirred by agitator (la, 60 rpm) at atmospheric pressure 
and SO^^C for 10 mins. 

An aqueous solution of disodium terephthalate, passed through 
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dissolving tank (1), were transferred to adsorption tower (2) and adsorbed at 
pressure of 0.01kg/ cm^ and SOX for 60 mins. The adsorption tower (4) 
was filled with activated charcoal of surface area of surface area of 1^00 m^/g. 
An aqueous solution of disodium terephthalate, passed through 

5 adsorption tower (2), was transferred to neutralization tank (3). Then;, the 
solution was stirred by agitator (3a) in neutralization tank and added slowly 
with sulfuric acid and incessantly until the pH of reaction solution was 2.0. 
As a result of monitoring by SEM the particle of terephthalic acid formed 
from said neutralization process, its particle size (10 to 15 /an) was very small. 

10 In this connection, said neutralization solution was charged into 

crystallization tank (6) to enlarge the particle of terephthalic acid. The 
crystallization tank (6) is of stainless steel type 316 or titanum which was 
connected with five crystallization tanks in series and each of crystallization 
tank has the following reaction requirements: pressure in 2 to 86kg/ cm^ and 

15 agitation rate at 150 to 300 rpm. In addition, the temperature of the first 
crystallization tank was determined at 300°C in such a fabrication that the 
tempera tvire of said crystallization tank was lowered to 30 to 50°C and the total 
residence time, passed through the whole crystallization tank (4), was 180 
mins. 

20 The sufficiently enlarged slurry of terephthalic acid in said 

crystallization tank (4) was charged into the next cooling tank (5) and cooled 
under reduced pressure, at pressure of l.Okg/cm^ and temperature of 90'*C. 
Hence, the evaporated water were condensed and fed back to dissolving 
tank (2). The slurry of cooled terephthalic acid was delivered to filter (6) to 

25 individually separate solids and liquids, at pressure of O.lkg/cm^ and 
temperature of SO^'C. Then, terephthalic acid in wet cake was recovered. 
The filtered terephthalic acid was charged into dryer (7) and dried at 
pressure of l.Okg/cm^ and temperature of 150°C for 120 mins to give 35.2g of 
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terephthalic acid. 
EXPERIMENT 

Each of terephthalic acid, so obtained from said EXAMPLE 1 to 3, was 
analyzed by the following methods: 
5 recovered amount of terephthalic acid 

(1) Recovery rate (%) = x lOO 

amount of alkai weight-reduction waste waste water 
X cone . of disodium terephthalate X 0.791 

(2) Purity: As for terephthalic acid, so obtained from PET, -bondapak 
1 0 C18 column was introduced to monitor the concentration of its 

impurities on high pressure liquid chromatography (HPLC ). 

(3) Average particle size: Sieve analysis method and SEM were introduced 

to monitor average particle size. 

(4) Transmittance: With a solution prepared by dissolving terephthalic acid in 
15 an aqueous solution of potassium hydroxide, spectrometer 

SPECTRONIC 601(MILTON ROY) was introduced to monitor its 
transmittance at 340nm. 

(5) Color value: DIANO Match Scan II Colorimeter was introduced to moruor 

the values of color L, a and b. 
20 (6) Metal content : XRF (X-ray refractive fluorescence) was introduced to 
monitor the metal content of Co, Mn and Fe. 



25 
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Table 





EXAMPLE 


1 


2 


3 •; 


Recovery rate (%) 


98.3 


98.7 


99.6 


Purity (%) 


99.7 


99.8 


98.4 


Average particle size Qjjn) 


38 


42 


97 


Trar»siiuttar\ce(%) 


72 


71 


59 


Color value 


L 


97.01 


97.39 


95.87 


a 


-00.5 


-0.06 


0.15 


b 


1.64 


1.58 


2.62 


Metal content 
(ppm) 


Co 


0.2 


0.2 


0.3 


Mn 


0 


0 


0.1 


Fe 


3.5 


2.6 


11.4 



1 5 Therefore, now that terephthalic acid recovered by the methods of this 

.invention does not contain any metals and also maintain a high purity, it is 
very useful in preparing polyester resin. 

20 
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WHAT IS CLAIMED IS : 

1. A process for manufacturing terephthalic acid wherein polyethylene 
terephthalate is hydrolyzed and crystallized to give terephthalic add in 
accordance with the practice of this invention comprising the following 
procedures: 

A process for manufacturing terephthalic acid from alkali weight 
reduction waste water in accordance with the practice of this invention 
comprising the following steps: 

(a) a process in which an aqueous solution of alkali weight-reduction 
waste water dissolved in water is adsorbed ; 

(b) a process in which an aqueous solution is neutralized with acid to 
give terephthalic acid; 

(c) a crystallization process to enlarge the particle size of terephthalic 
acid; 

(d) a process in which the enlarged particle of terephthalic acid is cooled 
under reduced pressure, filtered and dried. 

2- The process for manufacturing terephthalic acid as claimed in claim 1 
wherein in (a) step, the waste water discharged from polyester textile 
process is used as alkali weight-reduction waste water. 

3. The process for manufacturing terephthalic acid as claimed in claim 1 
wherein said (c) step is conducted in the crystallization tank where one 
to five crystallization tanks is/are connected in series and the 
temperature of each crystallization tank drops stepwise by 30 to 50**C. 

4. The process for manufacturing terephthalic acid as claimed in claim 1 or 



9724311A1_I > 



wo 97/24311 PCT/KI195/00186 

3 wherein said crystallization tank is kept constant at pressure 
of 2 to 86 kg/cm^ and temperature of 120 to 300°C. 

5. The process for manufacturing terephthalic acid as claimed in claim 1 
5 wherein said (e) step is conducted at pressure of 0.1 to 1.0 kg/cw? and 

temperature of 60 to 90 °C. 

6. A successively installed system for manufacturing terephthalic acid 
wherein it comprises: dissolving system (1) where akali weigh-reduction 

10 waste water is dissolved in water; centrifuge (3); adsorption tower (2); 

neutralization system (3) where terephthalic acid alkali metal/earth 
metal salt is neutralized with acid to prepare terephthalic acid; 
crystallization system (4) where the particle of terephthalic acid is 
enlarged; cooling system (5); filtering system (6) where the enlarged 

1 5 particle of terephthalic acid is filtered; drying system (7) where filtered 

terephthalic acid is dried. 



20 
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